modem anaesthetics and in many ways ahead of his time. He always had his patients' safety as his first care and was probably the safest anaesthetist of his generation. He was one of a few stout-hearted anaesthetists who stood out against a generation of surgeons who would direct the anaesthetic as well as the operation.' A part of G.R. Phillips's anaesthetic practice was to manage patients undergoing dental surgery. Around 1921, he was summoned to Buckingham Palace to administer a general anaesthetic to Queen Mary.
George Ramsay Phillips was President of the Section of Anaesthesia of the Royal Society of Medicine from 1935. Between the wars he constmcted an X-ray room in his own house to enable him to take dental radiographs. He developed the films in the darkroom area of his workshop. This workshop was apparently equipped with every type and size of tool, two lathes and drilling and planing machines. It was here that he invented and constmcted the prototypes of pieces of anaesthetic apparatus and the immensely practical and still useful Phillips airway.
G.R. Phillips encouraged his two sons to learn to use the workshop tools and machines in which he had such a major personal interest and he helped them to build and operate model steam engines. That he succeeded in training the boys and in transferring his practical skills to them is revealed in Charles's personal record of his indebtedness to his father for this instruction: 'He had a well equipped workshop in his London home in which he taught me much about engines and metal working which has stood me in good stead in later years in the laboratory. He also taught me much about photography which has also been useful in my scientific work. ' Charles's father had a major influence on the development of Charles's intellectual and his experimental approach to life and to science: 'I owe much to my father with whom, during the school holidays, I discussed scientific and medical matters during long evenings. He introduced me to Wells, Huxley and Wells's Science o f Life, which he had collected when it was issued in parts.' Yet it is clear that not all the characteristics of his father were so highly valued. George Ramsay Phillips was regarded by many as a difficult man who resented being ordered about by surgeons, openly revealed his resentment and therefore lost more and more opportunities to administer anaesthetics, even though he was considered to be one of the safest anaesthetists of his day. He was affluent early in his career but gradually became more and more short of money as the calls on his expertise and the use of his services by consulting surgeons declined. Presumably his resentment and his frustration at always working as the servant of surgeons contributed to his idiosyncratic and domineering control of his own household. For him, life at home in London revolved around his darkroom and his workshop in the basement, its two lathes and the power supply connected to his X-ray machine on the first floor. For his wife, these conditions created great difficulties. She is remembered by everyone as a gentle and loving person, who kept her temper at all times and who dedicated herself single-mindedly to bringing up her four children on an ever-dwindling budget.
S c h o o l in g 1926-35
Charles attended Bigshotte School in Wokingham, Berkshire from 1926 to 1930. He hated preparatory school. He went away to Bradfield College in Berkshire as an exhibitioner in 1930 and enjoyed his five years there. His love of music, which had perhaps been fostered by his mother who had studied music and was a good pianist, was encouraged by the Director of Music at Bradfield, John Alden, who remained a friend. He was an outstanding pupil whose scholarly abilities were encouraged and whose intellectual and experimental development was sustained by the teaching staff. Among those who had a significant influence were included 'my first teacher of Biology, Alan Poole Gardiner' ... 'a good field naturalist and marine biologist. His successor R.N. Aldrich-Blake was also interesting about experiments in plant physiology. He took two of us senior biologists to the Plymouth Laboratory for a schoolboys' holiday course in marine biology. These kindly men encouraged me in individual practical work both in and out of school hours. I dissected more animals than were required by my syllabus, and took photomicrographs with a quarter-plate stand camera mounted on a vertical steel pillar attached (in our workshop at home) to a baseboard on which stood the microscope. A.V. Hill's splendid Living Machinery led me to stimulate my ulnar nerves, to improvise a primitive string galvanometer just sensitive enough to give a minimal flick with each heart beat, and to amuse my friends with the psychogalvanic reflex. Julian Huxley's Essays o f a Biologist and What Dare I T h i n k , J.B.S. Haldane's Possible , Haldane a Animal Biology and Huxley's series of weekly broadcasts reinforced the stimulus of Wells, Huxley and Wells' Science o f Life. ' Charles's enjoyment of his years at Bradfield was enhanced by the closeness of his paternal great-aunt and uncle who lived in Bradfield. These relatives were themselves childless and enjoyed the opportunity to become second parents to Charles. They provided a civilized and cultured background to his schooldays. It was from his great-uncle, to whom he remained very close, that he learned the skills of dry fly-fishing to which he remained dedicated as a leisure pursuit throughout his life.
Magdalen College, Oxford, 1935-38 Charles obtained a demyship (college scholarship) in natural science at Magdalen College, Oxford, in December 1934. He was also awarded a Kitchener Scholarship which he held from 1935 to 1939. The Kitchener National Memorial Fund was set up in 1916 after Lord Kitchener went down in the cruiser Hampshire off the Orkneys. It was to provide assistance for the sons of officers and men who served or were disabled in the World War I. Applicants were, it appears, interviewed and, because the contributions that the people of Britain had made to the fund had been substantial, the grants were generous. Charles Phillips has recorded: 'My application declared my interest in laboratory work rather than clinical, after qualifying in medicine. ' He had an outstanding tutor at Magdalen in Jack Eccles (later Sir John Eccles, F.R.S., and Nobel Laureate): 'I can hardly exaggerate the stimulus I received in my first two years at Magdalen from my tutor, J.C. Eccles (later F.R.S.) before his return to Australia in 1937, and from the lectures of Professor W.E. Le Gros Clark, F.R.S. ' He was clearly an outstanding undergraduate, who enjoyed life in Oxford and made many friends who held him in the highest regard and who had the greatest admiration for his formidable intellectual ability, his prodigious memory and his witty comments derived, in part, from the writings of P.G. Wodehouse. A number of his contemporaries (among them the neurologist, Michael Jefferson) admired his musical knowledge and the help he gave them in developing an appreciation of classical music. Charles graduated B.M., B.Ch.(Oxon.) in 1942 and was immediately accepted as House Physician to the Professor of Medicine at Barts (Ronald V. Christie). He must have been well regarded at Barts for his clinical abilities as well as his outstanding intellect and memory. The enthusiasm with which he approached the tasks that he was given and his obvious enjoyment of the work made a significant impression on his teachers and his colleagues. He filled the period from June to August 1942 as a research assistant in electroencephalography at St Bartholomew's Hospital. He married Cynthia on 5 June 1942, at a time when she still had one year of clinical studies to complete for her own medical qualification. St Hugh 's, 1942-46 When Charles was called up into the army in 1942, the service role he would be expected to perform was influenced by his father-in-law, Lennox Ross Broster, O.B.E., M.Ch., F.R.C.S., Surgeon to Charing Cross Hospital in London, and an authority on surgical management of diseases of the endocrine glands, especially the adrenals. Mr Broster had read medicine as a South African Rhodes Scholar at Trinity College, Oxford, from 1909-12, had been a Rugby Blue and had graduated B.M., B.Ch. from Guy's Hospital in 1914, after which he served throughout World War I. Broster contacted a fellow Rhodes Scholar, the Australian Professor (Brigadier) Hugh Cairns in Oxford. Cairns replied at once, indicating that he knew of Charles, his work and his reputation and that he would 'send for him'. Charles Phillips was duly posted from 1943 to 1946, graded as a neurologist and Physician Captain in the R.A.M.C., to the Military Hospital for Head Injuries which had been set up at St Hugh's College, in Oxford.
There he worked in the company of many distinguished clinicians, mainly neurologists and neurosurgeons, and gained a wide range of valuable experiences which were to provide an excellent background to his later neurophysiological studies. He enjoyed the clinical work and was sympathetic in dealing with patients. The training he received at St Hugh's was designed to prepare him to be a physician in a mobile neurosurgical team being organized to be sent abroad. This team was scheduled to leave for Burma in August 1945, but was cancelled after V.J. day.
The Military Hospital for Head Injuries was the brainchild of the remarkable Hugh Cairns who had himself served in World War I as a medical graduate and a Rhodes Scholar from South Australia, who delayed taking up his scholarship because of the war. He had anticipated the need for the most expert neurological assessment of those whose brains were injured in war, as well as the necessity to develop mobile neurosurgical units to treat the injuries. At the outbreak of the World War II and with the help and support of senior neurologists, among them C.R Symonds (later Sir Charles), he established a 'Queen Square in Exile'. This was where young trainee neurosurgeons could receive a thorough grounding in clinical neurology and where, after the women were moved out of St Hugh's to Balliol College's Holywell Manor in October 1939, 50 hospital beds were opened in February 1940, rising to 300 and then to 430 during the battle of Normandy after the D-Day invasion of 6 June 1944.
At St Hugh's, Charles Phillips had the opportunity to gain valuable experience and to benefit from the advice and guidance of the most distinguished neurologists and neurosurgeons of the land -among them, in addition to Caims and Symonds, Dennis Williams, Ritchie Russell, Geoffrey Jefferson and Dorothy Russell -and to be part of the exciting clinical research which was evaluating the use of Florey's penicillin in treatment of intracranial infections. Penicillin was first made available by Florey for testing in patients at St Hugh's and at the Radcliffe Infirmary and Charles was one of the young physicians who injected it into the cerebrospinal fluid by lumbar puncture and examined its effective diffusion into the ventricles of the brain. Although he was well regarded for his clinical work and for his caring approach in dealing with patients, he was temperamentally unsuited to the continuous demands of the hectic life of coping with ever-increasing numbers of never-ending clinical crises. By the end of the war he had decided that he would prefer to be engaged in research into the mechanisms of working of the nervous system, as he had anticipated in his Kitchener scholarship application. He was determined to pursue knowledge which might ultimately advance clinical practice, rather than to continue with the intriguing but sometimes sterile pursuit of diagnosis and assessment in clinical neurology. In December 1945, he was happy to accept a Fellowship at Trinity College, Oxford, and a Departmental Demonstratorship in the University Laboratory of Physiology. 1961 to 1974 . From 1974 to 1983 she worked full-time as a senior medical officer and then as a principal medical officer for the Oxfordshire Area Health Authority, and was responsible for family planning and cervical cytology services (including the training of doctors and medical students), and for advising on adoptions.
Catherine Joy Phillips, their first daughter, was bom on 5 February 1945. Charles and Cynthia had been keen to have children before he was sent abroad as a member of the mobile neurosurgical team he was expected to join. Cynthia continued to work after the baby's arrival: 'doctors were in such short supply that I was begged to do so', she reports. The appointment to a Fellowship at Trinity provided the freedom from clinical responsibilities and availability of time for Charles to be involved in the upbringing of his children. He held strongly to the view that a husband should be concerned with, and actively involved in, the care of the children, especially in the case of families like his own wherein his wife had her own professional life and responsibilities to attend to. Helen Margaret Phillips, his second daughter, was bom on 23 August 1946. Charles freed up time to spend caring for his children and he enjoyed doing this immensely. It appears that he performed this task well because his daughters have very happy recollections of their childhood, of the caring he provided and of their relaxed holidays in Wales. Dr Catherine Slater has written: 'I found him tremendous fun as a father. He would wake us up at 2.00 a.m. to go into the garden to watch eclipses of the moon. He taught us to fish for minnows and stickleback using barb-less hooks and bread paste for bait which we squeezed into the right consistency in an old stocking. We kept the fish in an aquarium filled with gravel and water plants from the river Pang near Bradfield.' T r in it y C o l l e g e , O x f o r d , As an official Fellow and lecturer in physiology of Trinity College, Charles had responsibility for undergraduate education and tutorial instruction of the medical students and those in the Final Honour School. He held, in the early years, a departmental demonstratorship in the University Laboratory of Physiology. Later he became a University demonstrator. He was elevated to an ad hominem readership in neurophysiology in 1962 and, in 1966 , became a Professorial Fellow of Trinity when he was appointed to an ad hominem professorship of neurophysiology in the University.
Of his time as a College Fellow he wrote: 'I have surely been happier as a University teacher-researcher than I would have been in a full-time research institute. There was always plenty of other work when research was held up by uncertainty about what experiment to do next. To undergraduates, as College Tutor and University Lecturer, I owed scientific stimulation and lasting friendships. Foreign visitors to the Laboratory and visits to colleagues abroad were safeguards against parochialism.' He clearly enjoyed his interaction with pupils and he and Cynthia entertained them regularly at home for Sunday lunch. But it was his scientific research work which dominated his life. This was enriched by professional colleagues with whom he formed close relationships in Britain and abroad. Reference will be made to these interactions as we discuss his scientific accomplishments. E a r l y s c i e n t i f i c w o r k , 1938-41: b r a i n l e s i o n s a n d m u s c l e t o n e Charles Phillips's early scientific work, conducting research for the B.Sc. degree and subsequently as Christopher Welch and MacKinnon Senior Scholar, was supervised by E.G.T. Liddell, ER.S. Liddell had developed the study of spinal cord mechanisms involved in the control of muscular contraction as a collaborator with Sherrington, and he had personally led the subsequent examination, by a series of Sherrington's students who worked with him, of disorders of muscle contraction -rigidity, exaggerated reflexes, spasticity, spinal shockwhich resulted from damage to the spinal cord or to supraspinal structures. The background to Liddell's experimental examination of these phenomena is described in Charles Phillips's biographical memoir of E.G.T. Liddell (54)*. Liddell clearly had a great guiding influence on Charles. Liddell worked directly with his student, taught him surgical techniques and helped him develop similar skills to his own in animal care, controlled anaesthesia, major neurosurgical procedures, sensitive post-operative management and the refined methods of 'clinical' examination of animal performance, including objective measurement of disordered behaviour, which were needed to detect what were often subtle changes in muscle tone and function in the conscious, relaxed cat.
The alterations in muscle action which resulted from stereotaxically controlled electrolytic lesions limited to the basal ganglia unilaterally or bilaterally in the cat (1-3) were carefully analysed and, where it was feasible, measured quantitatively throughout extended periods of survival following the initial neurosurgical intervention. These experiments revealed a slight but persistent hypertonia of the extensor muscles in the limbs contralateral to the injured basal ganglia structures. In the presence of active movements performed by the animal, the effects of the neurological deficit could be undetectable. Moreover, there remained a possibility that concurrent damage to some corticospinal projections, during the production of the electrolytic lesion, could have contributed to the development of the increased muscle tone. This possibility could be tested directly by again examining, with the same careful behavioural observations, and measurement of the external forces needed to produce a passive joint movement, the effects on muscle tone of purposeful interruption of the corticospinal projections alone. Although experimental section of the pyramidal tracts, where corticospinal projections are conveniently aggregated in a concentrated bundle on the surface of the brainstem, had been performed by many others from as long as a century before, the careful study of muscle function using the refined techniques which Liddell had developed was necessary to clarify and quantify the results. Liddell and Phillips (4) observed the behaviour of cats for periods of up to a year after operations which interrupted the pyramidal tracts and none other than these fibres. They recorded and measured increased tone in the extensor muscles of the contralateral limbs, especially the hindlimbs. Could this account for the hypertonia which followed basal ganglia lesions? This was tested in a new series of experiments which involved preliminary interruption, at an initial operation, of one or both pyramidal tracts. This operation was followed, after a prolonged period during which degeneration of the corticospinal fibres was expected to be complete, by a subsequent lesion in the basal ganglia. A further, additive increase in tone followed the second operation (5) indicating that the crossed hypertonia following striatal lesions in the cat was a specific result of that lesion and was not due to incidental damage to corticospinal projections.
These were state-of-the-art experiments in the prewar period. It was expected by experimental neurologists that, through the detailed investigation of the mechanisms of dysfunction in animal models of human disease, new insights into neurological disorders, their causes and their treatment could be obtained. However, the techniques available for the analysis of the mechanism of such phenomena as increased muscle tone were limited. Hence it was necessary to describe the observed changes using terms like 'release' and to ascribe the observed effects to removal by the operation of a sustained inhibitory influence of the lesioned structure, which would normally have been exerted on spinal mechanisms for muscle contraction.
D e t a i l e d s t u d y o f t h e e x c i t a b i l i t y o f t h e m o t o r c o r t e x , 1946-54
After the war, when Charles again took up experimental work in the University Laboratory of Physiology, David Whitteridge and A.H.S. Holbourn 'were busily collecting electronic components from military dumps and learning to assemble them into new electronic networks for stimulating, and recording electrical potentials from, the central and peripheral nervous systems, receptor organs and muscle. Liddell gave as much time to research as his other responsibilities allowed. Not only did he take part in experiments, contributing from his immense practical experience of mammalian neurophysiology, to their success; he also put on offer his infallible judgement of when, where and in what form to discuss and publish the results. His collaboration played an essential part in a combined electromyographic and myographic analysis of the actions of different patterns of rectangular current pulses on the motor cortex of cats and baboons ' (54, p. 351) . It was these experiments, examining the detailed organization of the region of cerebral cortex in which the pyramidal tracts and corticospinal projections have their origins, that set Charles Phillips, who was Liddell's junior collaborator in the work, on his major and most significant scientific journey of discovery and which laid the foundations for his subsequent detailed explorations of motor functions of the brain and particularly the nervous control of movements of the hand. Charles's own notes on the contributions of his close colleagues to the resurgence of neurophysiological research in the Oxford laboratories, and on his own scientific accomplishments after the war, read as follows: 'To the generosity of all my fellow teacher-researchers, I owe more than I can ever know, but at least I can thank E.G.T. Liddell (54) for training in mammalian neurophysiology, D. Whitteridge, A.H.S. Holbum, I.G. Baxter and R.H. Kay in electronics. For custom-built mechanical and optical instruments I depended at first on T.A. Wright, head of the Laboratory's workshop; later on my friend and neighbour, Dr E.H.J. Schuster (46) . ' In what has become a landmark study, Liddell and Phillips employed newly available electronic techniques to control and measure the precise parameters of the electrical stimuli which were used to excite the surface of the exposed motor cortex in anaesthetized animals (7, 8) . They were able also to maintain relative constancy and stability in the level of anaesthesia and in the circulatory and respiratory state of their animals because of the availability of new barbiturate anaesthetics. Square wave stimuli whose amplitude, duration and frequency could be controlled, could be applied at different points on the cortical surface. The current flow, which was kept constant during the pulses, could be measured and hence the threshold current at which a particular observed response was elicited could be documented accurately.
It is of some interest that, during the refinement of this study of the effects of electrical stimulation of the cerebral cortex, William Rushton (later F.R.S.) twice visited Oxford as an external examiner, in 1947-48. He stayed in the Phillips's home during these visits. A lasting friendship between the two families grew from this and Charles greatly valued the professional advice he received from Rushton as well as the social interactions between their families. At this early stage, and then throughout his scientific life, Charles presented himself as uncertain and insecure when it came to questions of physical and mathematical theory and formulations. While he could readily frame the physiological question, he sought confirmation and assurance of its physical and mathematical accuracy and precision, usually from Rushton, but later also from some others of his colleagues.
From these studies, which were conducted on cats (6) and on baboons (7-10), the dependence of the observed motor responses on the form and frequency of the stimuli provided was revealed for a given locus on the cortical surface. It was shown that movements of the thumb-index, the hallux and the face had dramatically low thresholds of excitability, the spinal motoneurones supplying these parts were preferentially accessible to stimulation of the motor cortex. Moreover, the movements of these parts had the widest fields of low threshold excitability on the cortical surface. The significance of these findings for the neurological understanding of Jacksonian epileptic fits and the early involvement of thumb-index, mouth and hallux in the onset of convulsions during focal epilepsy quickly attracted scientific and neurological attention round the world. I n t r a c e l l u l a r r e c o r d i n g f r o m B e t z c e l l s , The utilization, in mammalian spinal cord neurophysiology, of electrolyte-filled glass capillary microelectrodes sufficiently fine at their tips to be inserted into single motoneurones, enabling the recording of transmembrane potential changes in these cells, had been pioneered in the early 1950s. Among those who were involved in the exploitation of these exciting new techniques, which were so incredibly informative at that time about cellular microphysiology, was Charles's one-time tutor, J.C. Eccles, F.R.S., then working at the Otago Medical School in Dunedin, New Zealand, and, later, at The John Curtin School of Medical Research in Canberra, Australia. Charles Phillips began to prepare himself for attempts to use similar intracellular recording techniques to examine the microphysiology of identified cortical neurones in the cat, and to examine the effects of imposed electrical current pulses, delivered to the surface of the cortex, on the transmembrane responses of these cells.
All the required apparatus had to be purpose-built and the conceptual designs for each of the pieces of new equipment were defined by Charles himself. He personally constructed some of the simpler mechanical items employing skills he had learned in his father's workshop. So, over a period of time, the refinement of unique mechanisms for drawing heattreated glass tubes into fine capillary microelectrodes, tapering to tips of only about one micron in diameter, had to be undertaken. First the glass tubing was pulled by hand after heating a section in a bunsen burner. The thin, parallel-sided part of the long tube was cut, rounded at the end into a hook and fixed vertically in a microforge constructed by Dr E.H.J. Schuster (46). Small weights were hung over the hook to produce extension of the glass tubing under gravity at the point where the thin tube was then heated by a micro-flame fashioned from a hypodermic needle through which a gas jet passed. Trial and error defined the process in which the appropriate grades of glass tubing, the amount of gravitational pull, and the size and heat of the microforge flame were all tested for their influence on the shape and size of the final microelectrode. Even so, only a few of the individually manufactured glass capillaries ever proved to be usable. Many were broken during the filling phase which involved boiling them in concentrated KC1 solution under reduced pressure.
Cathode-follower electronic head-stages had to be designed and built, as did reliable highgain D.C. amplifiers for the nerve signals. Even the cathode ray oscilloscopes which were commercially available were of poor linearity, subject to drift, had low levels of luminance and were difficult to use. Dr Edgar Schuster also manufactured a camera which, in a completely darkened experimental room, could capture the trace of the oscilloscope's spot on moving 70-mm photographic paper. Long multi-metre lengths of developed photographic paper records festooned the stair-wells of the 'new' physiology laboratory as they were hung out to dry by Charles's technician, Mr Charlie Carr, on the day after an experiment. Finally, the laboratory's mechanical workshop produced a massive experimental platform, with an hydraulically movable boom to carry the amplifier head-stage and the attached microelectrode into proximity with the exposed cerebral cortex of the anaesthetized animal.
Dedicated effort and meticulous attention to detail provided the foundation on which the first reliable measurements of membrane potentials, firing patterns and synaptic events in the largest cortical pyramidal cells (Betz cells) in the cat were made. Throughout, Charles worked at this task alone. For him, the experiments were regarded like 'fishing expeditions'. He refused to be distracted and it was his contention that the tasks were so difficult, and the chances of failure were so high, that he could not allow students or colleagues to take the risk of wasting years of time and effort for no result. Yet he did succeed, and the excitement generated by success in this single-handed achievement must have been immense. The publications that flowed from that work (11, 12, 20, 23) established the properties of pyramidal cells, their responses to cortical stimulation, the nature of the synaptic impacts converging upon them and the interconnections between them that resulted from activity in the intracortical collaterals of their axons. In the next 40 years, subsequent micro electrophysiology of the cerebral cortex has built on this solid foundation which Charles Phillips established and so accurately interpreted.
S a b b a t ic a l l e a v e , S t o c k h o l m , 1955-56, a n d s u b s e q u e n t e x t e n s io n o f MICROELECTRODE STUDIES During his establishment of the laboratory techniques necessary for doing experiments with intracellular microelectrodes, Charles was able to obtain advice from Eccles. In addition, he was encouraged by Liddell to spend a year with Ragnar Granit (later For.Mem.R.S. and President of the Royal Swedish Academy) to enlarge his experience in cellular neurophysiology. During his sabbatical year in Granit's laboratory he developed increasing confidence in the use of microelectrodes to probe the functions of the cells of the brain. He joined Granit in the examination of the Purkinje cells of the cerebellum (13-17). He came to recognize the value of collaboration and the contributions which colleagues could make in the exploration of scientific ideas. He discovered that collaborators could be of value even during the hands-on conduct of long drawn-out experiments of the demanding kind that his were. After his return to Oxford, he was prepared to allow others to join him in the laboratory, and he began to supervise the work of other young scientists as they commenced the research that set them on their scientific careers (18, 19, 21, 22, 24) . Among those young scientists was P.B.C. Matthews (later F.R.S.) who, commenting on Charles's visit to Granit's laboratory and the activities in which he engaged after his return, said: 'I am sure Charles will have made most of the running because he was meticulous about technique and things had to be done absolutely in his way. Geoffrey Rushworth and I collaborated with him on a small project on the frog (19); but the apparatus had been made by Charles, we couldn't all get round the frog together, so Charles just got on and did it all, but he still put our names on the paper. We couldn't quite be trusted to do anything properly.' The range of targets chosen for physiological study using microelectrodes was expanded well beyond the cerebral cortex and the cerebellum and soon included examination of the cellular physiology of the rabbit's olfactory bulb with G.M. Shepherd (24) and olfactory structures in the fish with Jan K.S. Jansen.
Charles's sabbatical in Stockholm was a most enriching experience and the friendships he made there were sustained throughout his life. His family exchanged houses with a Swedish family, and, for four months, Cynthia and the children lived there and holidayed in Finland with the Granits and the Frankenhausers. Charles wrote of Granit: 'I owe much to his example in research, but I could never emulate his brilliance as an experimenter, always alert to the new and unexpected, getting results in almost every experiment.' CORTICO-MOTONEURONAL PROJECTIONS, 1958-75 Not only did a small number of his Oxford pupils (A. Livingston, D.M. Armstrong, J.E.C. Hem, J.F.M. Clough) now seek the opportunity to conduct research projects for B.Sc. degrees under Charles Phillips's direction, but a number of young graduates from overseas (G.M. Shepherd, T.H. Koeze, J.D. Sheridan) were keen to pursue D.Phil. studies in his laboratory. Established scientists (S. Landgren, D. Kemell, Jan K.S. Jansen, Rosamund M. Eccles, Wu Chien-ping, Per Andersen, M. Wiesendanger and Marcus Devanandan) visited to spend their own periods of sabbatical leave or to gain post-doctoral experience as collaborators in the extension of the laboratory's scientific work.
Liddell retired from his Chair and was replaced by Sir Lindor Brown, F.R.S., as Waynflete Professor of Physiology. In 1960, Brown recruited several young physiologists as departmental demonstrators to the University Laboratory, among them R. Porter, who had arrived in Oxford from South Australia in 1954 and who was now enabled to join Phillips in collaborative experimental studies on corticospinal electrophysiology. In a short period of time, the number of complete sets of equipment for microelectrode investigations was expanded in the laboratory areas shared by Phillips and Porter. Experiments had to be scheduled in the laboratory diary by each of the succession of small teams of collaborators engaged in their different pursuits. Charles had no choice but to adapt to these changes. He could no longer do everything himself. He now had to allow his colleagues to perform some of the tasks without his direct involvement. Over time, he came to trust some of them to 'do things properly', even when he was not present. Moreover, he knew that Charlie Carr would restore everything to its proper place after the laboratory had been 'messed up' and its order disturbed by one or more of the young investigators. Some of the relationships Charles developed with his colleagues in this period established lifelong friendships and continuing co-operation. Although he always conveyed warmth, friendship and consideration to every one of his associates, he was obviously most comfortable in his interactions with only a few of these. These were the colleagues who tended to be the quieter and more scholarly. He enjoyed communication with them on a high intellectual level and in his very private and personal style. He found that he was able to admire their individual technical skills and it gave him pleasure to be able to commend them on their achievements. He found this easiest when he was able to be the teacher and to feel useful in guiding the development of the work of junior collaborators. This was the case with Gordon Shepherd, whose work was on a different brain system to the one under study by Charles himself. Charles established a lifelong scientific and social interaction with Shepherd. While appearing to most of his other colleagues, and particularly to his Oxford academic associates, to be reserved, distant and rather reticent, he could on occasion demonstrate effusive enthusiasm and great excitement (his own term was exhilaration) about a significant accomplishment.
Among those who were associated with the work of the laboratory in that period was one for whom Charles developed a very special affection. In 1964, following some high level negotiations between the Royal Society and the Academia Sinica, a talented young Chinese neuroscientist, Wu Chien-ping, was sponsored to visit the laboratory in Oxford to work for three years as a post-doctoral fellow with Charles. (In fact, Chien-ping was required to return to China in 1966 at the beginning of the cultural revolution and his stay was thereby considerably shortened.) Chien-ping's quiet, modest demeanour, his equanimity and his outstanding experimental skills allowed Charles to feel confident and relaxed. He soon came not only to trust Chien-ping, but to allow him to take charge of experiments, and to lead these into the examination of things which Charles himself would not have had as a high priority for investigation. It gave him great joy to be able to see Wu Chien-ping again and to renew the friendship when he travelled to the Chinese Peoples' Republic as a member of a Royal Society Delegation in the 1970s.
Although some of the experimental work of the laboratory during this period continued the evaluation of cortical cellular responses to electrical stimulation of the surface of the cat's brain (25), and to the precise measurement, in intracellular recordings from spinal motoneurones, of the effects produced by corticospinal projections in the cat (21), the most significant new findings, with the greatest impact on neuroscience, came from the study of corticospinal projections in the baboon (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) 38 ). The precise mechanisms of activation of cortical neurones by the application of electrical stimuli to the cortical surface were established for the primate brain. This understanding allowed processes for selective excitation of corticofugal neurones to be defined. Using this selective activation, the effects which defined groups of corticospinal neurones exerted on single motoneurones in the spinal cord could be studied and measured quantitatively. It was demonstrated conclusively by Phillips, Porter and their associates that a population of corticospinal neurones made monosynaptic excitatory connections with the surface membranes of particular spinal motoneurones, especially those involved in initiation of muscle contractions controlling movements of the hand. The precise origins of these cortico-motoneuronal connections, arising from distributed colonies of cortical pyramidal cells, were established. The power of cortico-motoneuronal synapses varied with the nature of the motoneurone under investigation and the function of that motoneurone, providing additional reasons for the differential involvement of some muscle groups in the onset of convulsions in focal epilepsy. Moreover, although the amount of depolarization produced by a single impulse in a single corticomotoneuronal axon was small, the effectiveness of repetitive firing of the axon, in quickly causing the motoneurone to discharge, was established.
This succession of very significant observations from Charles Phillips's electrophysiological experiments was published during a period when important new neuroanatomical and behavioural observations on the connections and functions of corticospinal neurones were being made by Hans Kuypers (later F.R.S) and his colleagues, first in the U.S.A. and later in the Netherlands. Taken together, the work of these two groups provided consistent evidence which unravelled the mechanisms of motor control exerted by the brain on the functions of the baboon's hand. This work also potentially explained the differential weakness of muscle action which occurred following a stroke in human subjects and the relative recovery of only some aspects of movement performance in the sufferers. These observations attracted the attention of neurologists and neurosurgeons round the world and led to a large number of invitations to summarize existing scientific knowledge about processes involved in the control of movement of the primate hand (37, 39, 41, 44, 45, 47, 48, (50) (51) (52) ).
M u s c l e s p i n d l e a f f e r e n t s a n d t r a n s c o r t i c a l r e f l e x e s During this period, the University Laboratory of Physiology had, among its senior members of staff, Peter Matthews (later F.R.S.), who was one of the three or four major contributors in the world to knowledge of the functions in mammalian muscle of the primary and secondary muscle spindle receptors and of their own fusimotor innervation. It was therefore inevitable that some of the experimental work in Charles Phillips's laboratory should begin to explore the relative contributions of muscle-spindle derived monosynaptic connections and of corticomotoneuronal synapses to the firing of primate motoneurones innervating muscles acting on the hand. Questions were also being posed in the literature about the potential role of a proposed cortico-fusimotor route for control of muscle action in some circumstances (see 43). There was widespread discussion of the involvement in movement production of alphagamma linkages and of postulated servo-assistance of muscle action. These theoretical considerations provided a framework within which a number of experiments were conducted on the effects of cortical stimulation on muscle spindle discharge (36; see also Clough and Sheridan 1968; Koeze 1968 a,b) .In addition, evidence had been produce muscle spindle afferents were able to influence neurones in the cerebral cortex (particularly in area 3a) with very short latency. Whether or not such a projection existed also in the baboon (and presumably, then, could be inferred to exist in the human brain) was explored by Charles Phillips and Mario Wiesendanger (40, 42) and subsequently by two younger colleagues, C.J. Heath and J. Hore (49) . In these and in a large number of the other experiments being conducted in the laboratory, careful, detailed histological examination of the brains from which recordings had been made were conducted by T.P.S. Powell (later F.R.S.) of the Department of Human Anatomy. Powell was also a contributor to the discussion of the significance of the results obtained and there is little doubt that he had a major impact on the theoretical evaluations which subsequently appeared in these publications.
The experiments with Chris Heath, who had come from New Zealand as a Nuffield Dominions' Demonstrator, benefited from the fact that he was already a skilled neurohistologist. Chris Heath earned a special place in Charles's affections and was the only one at this time with whom Charles worked closely as a personal collaborator. Heath was such a gifted experimenter and his attention to precise details in every aspect of his work was so meticulous that Charles held his work in the very highest regard. Charles collaborated in Heath's experiments with genuine enthusiasm. He enjoyed their joint adventures through allnight long, elaborate and painstaking searches for the detailed projections of forelimb afferents to single cells in the baboon's motor and sensory cortices. Heath has recorded: 'Experiment days were Charles's best days. Between times he was always distracted by his many other duties and interests. We (Jon Hore and I) rather thought he enjoyed the surgery and the recording more than the analysis of results. Whenever possible, Charles liked to do the surgery himself. We often heard from Charles that a visitor had said that he had the best surgical instruments and the worst operating lights of any the visitor had encountered. We never did succeed in persuading him to upgrade the lights, but he was always open to suggestions about additions to his collection of instruments. ' The other major influence on the development of the work of Phillips's laboratory at this time stemmed from the simple observation, brought into new prominence by Hammond, Merton and others in the 1950s, that rapid forcible extension, in a human subject, of a contracting muscle involved, say, in flexing the elbow, produced in addition to a small monosynaptic reflex contraction, a delayed and much more forceful, functional stretch reflex which generated an effective mechanical response. In the 1960s, Edward Evarts, in the U.S.A., was pioneering the study of natural discharges produced by identified pyramidal tract neurones in the motor cortex of conscious monkeys while these animals performed learned movement tasks. Evarts found that pyramidal tract neurones appeared to code by their discharge rate, the force required to be generated in contracting muscles during a 'voluntary' task like the elbow flexion referred to above. He also showed, later, that signals conveying information presumed to originate in muscle spindles of the contracting muscles could influence these pyramidal tract neurones with extremely short latencies. All these observations were taken up by Charles Phillips in his very influential 1968 Ferrier Lecture (39). This review, which achieved enormous significance because of the authority which Charles Phillips had attained through his personal contributions to scientific discovery, brilliantly summarized the major understandings which had been obtained from his own experiments. It then brought together and highlighted a number of important concepts, from the work of others, which potentially connected muscle spindle afferents with control of graded contraction of muscles and emphasized a possible role of transcortical reflexes in this control. Subsequently, many have used this Ferrier lecture and the concepts which were developed within it, as the starting point for the exploration, through their own work, of transcortical (long-loop) reflexes.
A major book in 1977 (53) assembled together a definitive summary of the observations made by Charles Phillips and his colleagues and placed these in a context which included the historical neurological observations of Hughlings Jackson and also more modem ideas concerning the control of movement by the brain and the functions of the primate hand. This book was written in large part during the first of Charles Phillips's visits to Australia in 1971, to work again with his colleague, R. Porter, and subsequently finalized during a return visit of Porter to Oxford in 1973. Thereafter Charles travelled to Australia on four more occasions, from 1975 to 1984. He enjoyed these visits enormously.
Much later, in 1982, Charles Phillips delivered the Sherrington Lectures in Liverpool and, in a more reflective and analytical style, prepared these lectures for publication in the book (57) on Movements o f the Hand which appeared in 1986. Here he brought together his assembled thoughts on the significance of his own work and its relationship to established knowledge and prevailing theories about the functions of the brain in control of movements of the primate's forelimb in exploratory and refined prehensile actions of the hand. This scholarly account penetrates the full depth of the intellectual consideration which he had given over many years to the significance of his own experimental observations and to the relationships of these to the 'seminal discoveries and concepts' for which Sherrington himself had been responsible and also to those which the other major historical contributors had made. The work stands on its own as a proud tribute to Charles Phillips and his thoughts about the outcomes of his devotion to his 'interest in laboratory work rather than clinical, after graduating in medicine', which he had identified in his Kitchener Scholarship application. This book ranks with the great contributions to scholarly writings on neurological topics by Ferrier, Jackson and Sherrington himself. Indeed, there are echoes of the style of these earlier leaders in the way in which Movements o f the Hand is carefully crafted and elegantly presented. Sir Alan Hodgkin, F.R.S., has stated: 'I greatly admired his work on the motor cortex and on the control of the hand which I think will be remembered long after most contemporary Physiology.' D r L e e 's P r o f e s s o r o f A n a t o m y , That Charles Phillips would have very much liked to have been accorded the distinction of being elected to the Waynflete Professorship of Physiology, and to have enjoyed a return to his old college, Magdalen, following Sherrington and Liddell in a direct line of succession, is without doubt. Yet it proved to be an unrealistic ambition. He was too young and too committed to his personal scientific work when G.L. Brown was appointed in 1960. When, in 1967, David Whitteridge was elevated, Charles was enjoying the freedom to pursue his own research which was being very productively advanced with the support of many colleagues. He had already been elected to the Royal Society, held an ad hominem professorship in neurophysiology and was being recognized internationally for his exceptional, outstanding contributions to experimental neuroscience. Moreover, he openly stated that he thought that David Whitteridge was the right person for the job. His own notes record: 'I was lucky to escape Chairmanship of a Department until I was nearly 60 -five years before a philistine Government demanded the abrupt dismantling of so much that we had all valued.' Yet he had missed out on the recognition he would most have liked to have been accorded and for which many considered he was a natural successor.
The University of Oxford found it difficult to fill the vacancy in Dr Lee's Chair of Anatomy following Geoffrey Harris's (F.R.S.) sudden death and the Professorship was unfilled for several years. Charles was approached and asked to consider taking up this appointment. He believed that he had an obligation to move into these new responsibilities because he had not previously carried a high level of administrative functions while he had enjoyed the freedom to develop his personal research activities during an extended period on the staff of the University Laboratory of Physiology. He also enjoyed the challenge of teaching and considered that the position would offer him an opportunity to modernize the teaching of anatomy in Oxford and to develop a programme in functional, living anatomy. He thought that he had reached an endpoint in his personal research, and believed that a move to anatomy would allow him to begin a new set of experimental endeavours and to achieve something equally significant in the administration and re-orientation of an important teaching department.
Charles Phillips did have an influence on the Department of Human Anatomy and it appears that he and his opinions were well received by the Oxford medical students of the day. Dr Kim Jobst has reported that medical students considered the undergraduate curriculum to be 'dry, unpalatable even, and devoid of direct relevance to the profession they had come to prepare themselves for.' Charles, himself, took over more of the teaching and promoted the functional anatomy concepts which he believed should be taught from an investigative point of view to provide the foundations for medical education. He strongly supported two members of the staff of the Department in their writing of the Oxford Textbook o f Functional Anatomy. He instituted 'practical classes' which provided students with important understandings of how muscle groups combined in acting on joints, for example. Many students recall the demonstrations in which the sophisticated and dignified Dr Lee's Professor of Anatomy would strip to the waist, 'with great and childlike enthusiasm ... and proceed to record from his own muscles' (quoted from Dr Kim Jobst).
Although his influence on changes in anatomical teaching appear to have been well received by students, there was less uniform enthusiasm for his management of the department and the organization of its affairs. Moreover, both staff and students alike were affected by his restoration of the Anatomy Lecture Theatre which had been designed and constructed as a traditional demonstration amphitheatre in the 1890s. He resisted changing the steeply tiered, semi-circular benches and writing ledges which were instead sanded clean and restained. He restored the decor to its original colours and reinstated the original slate specimen table as a demonstration bench. He then designed a back-projection system for slides (which involved a long trip to another room if you had to get at the projector itself). Everyone agreed that this arrangement was not a success even though it created more space and the reorganization of the lecture room did not survive Charles Phillips's retirement.
Charles found it difficult to deal with the administration of staff and was uncomfortable in the handling of personnel and their problems. He inherited a department that had suffered from indecision and uncertainty during the several years through which the statutory Dr Lee's Professorship had remained unfilled. Although he devoted himself energetically to the task of reinvigorating the department, and although he was thoughtful, caring and generous in his encouragement of the careers of his individual members of staff, he tended to avoid public discussion of issues he wished to deal with, and he did not always sense the opposition which was being developed as he progressed with characteristic personal determination to realize the fulfilment of his plans. A degree of disenchantment was generated even among those who had anticipated that the election to the Chair of an experienced and extremely distinguished professor, with a major international reputation in science, would immediately elevate the department again to a new high level of national and international recognition.
It became Charles Phillips's intention, after joining the Department of Anatomy, to explore new experimental approaches to the study of neurones in the sympathetic ganglia using intracellular recording methods. Clearly he found it difficult to give this new work the dedicated attention that it needed because of all the other responsibilities which he had now assumed. A year before his retirement from Dr Lee's Professorship, he made the positive decision not to involve himself further in experimental work and he withdrew entirely from the hands-on pursuit of science. He did, however, maintain his interest in reviewing the contributions of neuroanatomists and neurophysiologists to the understanding of the functions of the brain (56).
S er v ic e t o B r it ish sc ie n c e Charles Phillips had been a dedicated member of the Physiological Society since 1946. In 1960 he was elected as Secretary to the Society, a position which he valued greatly and to which he devoted his earnest attention during the next six years. His readings of the minutes at successive Physiological Society dinners will be remembered by members of the Society for their wit and humour as well as for the forthright, but rather hurried, style in which they were always presented. While being numbered among the most eminent leaders of British physiology in that period he was prepared to spend a great deal of his personal time and energy on relatively menial tasks of organisation and administration of the regular scientific meetings of the Society. Here again he revealed his personal commitment to ensuring that every detail was attended to. In the same way as he approached a scientific experiment, he developed a ritual for dealing with the organization of the regular meetings. The meetings of the Society were, as a consequence, conducted in an exemplary manner and the smooth running of the whole organization owed much to Charles. He was on the editorial board of the Journal o f Physiology for a number of years.
He became a member of the Association of British Neurologists in 1950 and continued, through his whole scientific career, to maintain his interest in and involvement with clinical neurology, continuing the associations that he had established at St Hugh's. In 1975, he took on responsibility as the editor of Brain in which office he served till 1981. He regarded this position as one which was of the highest importance and significance and he was immensely proud to be recognized as the editor of Brain. He devoted his efforts to the promotion of Brain as a publication with the very highest academic standards. He enhanced the scientific authority of the journal. He handled his responsibilities as editor with characteristic personal involvement in all the details. He guided the assessors and referees with instructions about how they should handle an unsatisfactory manuscript. Then he became involved personally in the advice to the author about rejection. His rejection letters were masterly exercises in courtesy in which he borrowed from the experience of his early mentor, E.G.T. Liddell.
He was President of the Section of Neurology of the Royal Society of Medicine in 1978 and 1979 and of the Association of British Neurologists in 1980 and 1981 . From 1980 to 1984 was a member of the Medical Research Council. Again, he dedicated himself to the responsibilities he had assumed. He developed a personal commitment to the research activities for which he now had responsibility and his support was much appreciated by those who received grants. He frequently pointed out that he had never, himself, applied for or felt in need of the support of a research grant: his University appointment had allowed him all the opportunities he had needed to pursue his scientific interests. It was after he left the University Laboratory of Physiology to become Dr Lee's Professor of Anatomy that he first clearly recognized the necessity for most academics to obtain funding from granting agencies. As a member of the M.R.C. he worked assiduously to encourage young scientists to develop their research careers. R e t i r e m e n t Leading up to the time of his retirement from Dr Lee's Professorship in 1983, Charles had begun to lose confidence in public speaking and feared that his memory would fail him. For a person renowned for his previously superlative memory and for his skill in public presentations of his scientific work this must have been very difficult to cope with. He made a presentation at a Ciba Foundation Symposium on 'Motor Areas of the Cerebral Cortex' in 1987 which was uncharacteristically hesitant (58), even though he should have felt comfortable, and indeed elated, because this symposium assembled together a large number of his closest colleagues in recognition of his 70th birthday and of his personal contributions to the scientific study of the motor areas of the brain. Because he was an intensely private person, he did not discuss his medical problem in detail even with his closest associates. However, as the good neurologist that he had trained to be, he kept quite detailed notes of the earliest symptoms which heralded, perhaps, the beginning of his illness. He had, in his teaching of undergraduates, expressed his admiration for those who were able to confront their own illness and to write about their personal experiences. In reference to Alf Brodal, the neuroanatomist's account of his own stroke, Charles wrote 'introspective accounts of their own disabilities by neurologically trained observers have evidently much to contribute ' (53, p. 370) .
From early 1980 Charles had been experiencing what, at the time, he considered to be transient ischaemic attacks. He documented his symptoms in careful handwritten notes which we can only presume were made to inform and to educate those who would eventually read them. For example, an early note reads: '24 Apr. 1980. About 4 p.m. Slight transient feeling of "far away", then noticed brown opaque haze in upper field of L eye only. This descended to reach horizontal meridian. It decapitated the shiny metal top of sugar-caster on tea-table about 5 m distant when fixation directed to the caster. In a minute or two it shrunk upwards, clearing the nasal quadrant and finally disappearing from the upper temporal quadrant. Before it had gone, when eyes closed, it was a positive orange colour. ' This was not the first occasion on which Charles had experienced a transient 'far away' feeling and a loss of vision. But it indicates the nature of the descriptions he provided of similar events which he documented on over 20 occasions between March 1980 and December 1982, long before his retirement. Moreover, the episodes continued after that, and occurred with increased frequency. The experiences exhibited an expanding variety of strange auditory sensations and numbness of skin regions. On occasion he became unsteady when walking. Here we can see some of the reasons for his loss of confidence as he approached retirement from Dr Lee's Professorship. By the time of the 1987 Ciba Foundation Symposium, Charles Phillips had lost much of his initiative.
Although he continued to write descriptions of his symptoms up to and during 1991, there was a change in the nature of his disturbed sensory experiences suggesting that some were in fact hallucinations, and he began to exhibit confusion. It was increasingly difficult for him to organize his thoughts and to convert them to notes which now became difficult to read. His normally neat, precise handwriting became disorganized and jerky and, by mid-1990, although he had commenced the task of preparing a biographical memoir of Hans Kuypers, F.R.S., he found it impossible to transfer to paper the sentences he had, with difficulty, conceived in his mind. Progressively it became impossible for him to be involved in sustained and meaningful conversation because, although he continued to speak about a wide range of topics, the subject of his immediate thoughts and contemporary statements was often not revealed. He lost the thought entirely on occasion and could not retrieve it from his memory. He appears to have retained quite a lot of insight into his progressive deterioration and, with characteristic determination, he persisted in his efforts to communicate in the face of extreme frustration and distress. His interest in and knowledge of classical music was preserved.
It is likely that he realized that the notes he had kept of his disorder would accurately convey to an informed reader the evidence of fluctuating cognitive impairment of memory and language functions, episodic confusion, visual and auditory hallucinations, disorganization of movement control, unexplained falls and transient clouding of consciousness which are operational criteria for senile dementia of Lewy body type (MeKeith et al. 1992) . In a handwritten letter to R. Porter, dated 21 June 1992, in which there is lack of uniformity in script and in which a number of spelling errors exist or have been corrected by over-writing, revealing the difficulty being experienced by the author in spelling out his thoughts, Charles Phillips set out these words: 'Finally, the symptoms which interfere with concentration and disrupt performance are unpleasant and unsettling to peace of mind. Bob, I am sure you will understand.' No comment or discussion was invited or expected. As he had always done, he stated the facts and left others to draw their conclusions. We must consider that it was his hope that those others would be able to learn from the experiences he had documented.
Tragically, his deterioration continued and the disorganization and disconnection of his mental processes worsened in 1993. He died quietly on 9 September 1994. The following publications are those referred to directly in the text. A full bibliography appears on the accompanying microfiche, numbered as in the second column. A photocopy is available from the Royal Society Library at cost. 
